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ILLUMINATION AND IMAGE ACQUISITION 
SYSTEM 

FIELD OF THE INVENTION 

The present invention relates generally to illumination 
and image acquisition systems and particularly to a color 
?ash image acquisition assembly that is suitable for electri 
cal circuit inspection, including the inspection of 
in-fabrication ?at panel displays. 

BACKGROUND OF THE INVENTION 

Automated optical inspection (AOI) systems are typically 
employed in the inspection of electrical circuits, including 
printed circuit boards, ?at panel displays, chip carriers, 
integrated circuits and the like. Commercially available AOI 
systems include the InspireTM 9060, SK-75TM and V-300TM 
systems for inspecting bare printed circuit boards, the 
TrionTM system for inspecting populated printed circuit 
boards, FPI-6090TM and FPI-7590TM systems for inspecting 
?at display panels, and ICP 8060TM system for inspecting 
chip carriers. All of the above systems are commercially 
available from Orbotech Ltd. of Yavne, Israel. 
Asystem for acquiring color images using color ?ashes in 

combination With a black and White camera is described in 
European Patent Application 1,098,190 A2, to Orbotech— 
Schuh, GMbH & Co., KG, published on May 9, 2001, the 
disclosure of Which is incorporated herein by reference. 

SUMMARY OF THE INVENTION 

The present invention seeks to provide an improved 
system for acquiring color images of surfaces. A typical 
application for images acquired using a system con?gured 
and operative in accordance With the invention is for 
inspecting electrical circuits, particularly ?at panel displays, 
for defects. 

In accordance With a general aspect of the invention, an 
improved system is provided for acquiring color images. 
The improved system is particularly useful for acquiring 
bright?eld color images of specular surfaces, such as por 
tions of in-fabrication ?at panel displays. The invention may 
be employed Wherever it is desired to acquire a bright?eld 
color image in Which each of the component images, for 
eXample red, green and blue components, are in very precise 
and accurate alignment. 

In accordance With an embodiment of the invention, the 
improved system comprises a sensor imaging a portion of a 
generally specular surface, and an illuminator providing at 
least tWo spectrally different and temporally separated 
?ashes of light. The sensor and illuminator are arranged such 
that light from each ?ash of light output is incident on the 
portion of the specular surface generally at the same angle 
of incidence, and such that the sensor images a re?ection of 
light re?ected by the portion of the specular surface incident 
thereon. An image combiner is provided to combine images 
acquired With illumination from different ?ashes of light to 
produce a combined image. 

Embodiments of the present invention may include one or 
more of the features Which folloW: 

The illuminator includes a set of ?ash lights, and each of 
the ?ash lights emits light of a different color. 

The set of ?ash lights comprises tWo or more ?ash lights, 
selected from a red ?ash light, a green ?ash light and a blue 
?ash light. 

The ?ash lights emit light Within a given spectral range. 
The spectral ranges of the respective ?ash lights may be 
either overlapping or not overlapping. 
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2 
The ?ash lights are LED emitters. 
The LED emitters emitting red ?ash light, green ?ash 

light and blue ?ash light are mutually set apart from each 
other. 
The LED emitters emitting red ?ash light, green ?ash 

light and blue ?ash light are mutually interlaced. 
A light homogeniZer is disposed betWeen the illuminator 

and the surface. The light homogeniZer treats light emitted 
by the LED emitters to appear as if emitted by an eXtended 
light source. 
An at least partially re?ective surface is disposed betWeen 

the illuminator and an illuminated portion. The re?ective 
surface re?ects light from the illuminator to impinge on the 
portion generally along an aXis normal thereto. 

The re?ective surface disposed betWeen illuminator and 
the illuminated portion is con?gured as a beam splitter so as 
to transmit light emitted by the illuminator and re?ected by 
the surface to impinge on the sensor. 

The sensor is also disposed along an aXis that is normal to 
the illuminated portion. 
The illuminator and the sensor are con?gured and 

arranged such that an optical image of the imaged portion is 
a bright ?eld image. 
The generally specular surface being imaged is a surface 

of an in-fabrication electrical circuit, Which is, for eXample, 
an in-fabrication display panel. 
The system further comprises a defect detector operative 

to receive a combined image and to detect defects in the 
substrate in response to analyZing the combined image. 

In accordance With another general aspect of the 
invention, the improved system is employed as part of a 
process for manufacturing electrical circuit substrates, such 
as ?at panel displays. The process includes: forming a 
pattern on a generally specular substrate; illuminating a 
portion of a surface of the substrate With at least tWo 
spectrally different and temporally spaced ?ashes of light, 
each ?ash of light being incident on the surface at generally 
the same angles of incidence; acquiring at least a ?rst optical 
image of the portion With a camera arranged to receive light 
from a ?rst ?ash re?ected by the portion of the generally 
specular surface; acquiring at least a second optical image of 
the portion With the camera arranged to receive light from a 
second ?ash re?ected by the portion of the generally specu 
lar surface; combining the ?rst optical image and the second 
optical image to form an inspection image; inspecting the 
inspection image for defects; and in response to the 
inspecting, performing a post inspection operation on the 
substrate. The post inspection operation includes at least one 
of the folloWing: discarding the substrate, repairing the 
substrate or con?rming that the substrate is not defective. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The draWing ?gures depict, in highly simpli?ed schematic 
form, embodiments re?ecting the principles of the invention. 
Many items and details that Will be readily understood by 
one familiar With this ?eld have been omitted so as to avoid 
obscuring the invention. In the draWings: 

FIG. 1A is a simpli?ed schematic diagram of an illumi 
nation and image acquisition system constructed and opera 
tive in accordance With an embodiment of the present 
invention; 

FIG. 1B is a simpli?ed front vieW illustration of an 
illuminator employed in the system of FIG. 1A; 

FIGS. 2A—2C are simpli?ed side vieW illustrations shoW 
ing the operation of an illuminator employed in the system 
of FIG. 1A; and 
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FIG. 3 Which is a simpli?ed ?oW diagram of a method for 
manufacturing electrical circuits in accordance With an 
embodiment of the invention. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

The invention Will noW be taught using various exemplary 
embodiments. Although the embodiments are described in 
detail, it Will be appreciated that the invention is not limited 
just to these embodiments, but has a scope that is signi? 
cantly broader. The appended claims should be consulted to 
determine the full scope of the invention. 

Reference is noW made to FIG. 1A Which is a simpli?ed 
schematic diagram of an illumination and image acquisition 
system 10 constructed and operative in accordance With an 
embodiment of the present invention. 

System 10 is particularly suited for inspecting electrical 
circuits during the fabrication thereof. By Way of 
ampli?cation, and not limitation, as used herein the term 
electrical circuit should be understood to include 
in-fabrication ?at panel displays, printed circuit boards 
before, during and after the assembly of integrated circuits 
thereon, integrated circuits, chip carriers and the like, as Well 
as portions of the same. Electrical circuits may also include, 
for eXample, piXel arrays disposed on glass panels, and 
layers of dielectric substrate and electrical connectors that 
are combined together to form printed circuit boards. 

In accordance With an embodiment of the present 
invention, an illumination and image acquisition system 10 
is operative to acquire images of a surface of a substrate 12, 
such as a glass panel employed in the fabrication of a ?at 
panel display or other suitable electrical circuit. System 10 
typically is part of a defect inspection system (not shoWn), 
that is employed to detect defects in electrical circuits, such 
as in-fabrication ?at panel displays during fabrication. 

It is appreciated that surfaces of some electrical circuits, 
for eXample in-fabrication ?at panel displays, are generally 
specular in nature. In accordance With an embodiment of the 
invention, the con?guration of system 10 is optimiZed to 
inspect electrical circuits having specular surfaces for 
defects. The results of such inspection may be used, for 
eXample, for the purposes of discarding or repairing defec 
tive substrates 12, con?rming that no defects are present on 
substrate 12, or to improve manufacturing processes 
employed during fabrication of electrical circuits. 
As seen in FIG. 1A, system 10 generally includes an 

illuminator 14, illuminating a portion 16 of a surface to be 
imaged on substrate 12, a beam splitter 18 receiving light 
from illuminator 14 and directing the light to illuminate 
portion 16 of substrate 12. Moreover, as seen in FIG. 1A, in 
system 10 illuminator 14 illuminates portion 16 along an 
optical aXis 17 Which is generally normal to the surface of 
portion 16, and a camera 20, comprising a sensor 22, such 
as a CCD or CMOS type sensor, is arranged to acquire an 
optical image of portion 16. 

In the arrangement seen in FIG. 1A, camera 20 receives 
light provided by illuminator 14 Which is re?ected by 
portion 16 and Which passes through beam splitter 18 and 
imaging optics 24, all of Which are disposed generally along 
optical aXis 17. Consequently, in accordance With an 
embodiment of the invention, as shoWn in FIG. 1A, the 
angles of illumination output by illuminator 14 are such that 
the images acquired by camera 20 are bright ?eld images. 
Optionally, illuminator 14 may be con?gured to provide 
illumination Which results in the acquisition of dark?eld 
images by camera 20. 

15 

25 

35 

40 

45 

55 

65 

4 
It is a feature of an embodiment of the present invention 

that illuminator 14 provides at least tWo spectrally different 
and temporally spaced ?ashes of light. The respective spec 
tra of the ?ashes of light may be overlapping or non 
overlapping spectra. The different spectra are indicated in 
FIG. 1A by the arroWs labeled R, G and B respectively. In 
accordance With an embodiment of the invention, illumina 
tion in each of the different spectra is provided by illumi 
nator 14 as a sequence of time separated ?ashes, Which are 
neither emitted at the same time nor at overlapping times. 

Moreover, in accordance With an embodiment of the 
invention, illuminator 14 is con?gured such that each ?ash 
of light is incident on a portion 16 of the surface at generally 
the same angles of incidence. This enables each image 
acquired by camera 20 to be acquired under generally 
uniform and controlled conditions, notWithstanding a 
change in spectra betWeen subsequent ?ashes. 

In accordance With an embodiment of the invention, a 
composite image is formed of sequentially acquired images 
that are each illuminated by light in a different spectral 
range. The sequential illumination With a different color 
produces images Which correspond to a color separation. 
Provided that the relative locations of illuminator 14, camera 
20 and portion 16 are held steady While each of the images 
is acquired, then each of the different color images can be 
overlayed in highly precise and accurate alignment. Thus, 
When suitably color balanced illumination is employed to 
sequentially illuminate portion 16, the combination of 
resulting images reconstructs a color image of portion 16. 
As seen in FIG. 1A, a frame grabber 26 is provided to 

capture images acquired by camera 20. Additionally a con 
troller 28 is provided to coordinate the providing of light 
?ashes by illuminator 14, and the capturing of images by 
camera 20 and frame grabber 26. The resulting images may 
be provided to a defect detector (not shoWn) for image 
inspection and analysis as knoWn in the art. 

Reference is noW made to FIG. 1B Which is a simpli?ed 
front vieW illustration of illuminator 14 employed in system 
10 seen in FIG. 1A, and to FIGS. 2A—2C Which are 
simpli?ed side vieW illustrations shoWing operation of illu 
minator 14 in accordance With an embodiment of the inven 
tion. 

In accordance With an embodiment of the invention, 
illuminator 14 comprises at least tWo sets, and preferably a 
multiplicity, of ?ash lights 30 each set of Which emits light 
in a different spectral range to selectably provide different 
color light. For eXample some of ?ash lights 30, designated 
R, emit red light. Some of ?ash lights 30, designated G, emit 
green light. Some of ?ash lights 30, designated B, emit blue 
light. 
Means for providing different color light are Well knoWn 

in the art. For example, ?ash lights 30 may be light emitting 
diodes emitting light in a Well de?ned spectral range. 
Alternatively, ?ash 30 lights may comprise ?ash tubes, for 
eXample Xenon ?ash tubes, emitting broad spectrum light, 
that is to say generally White light, in combination With 
suitable optical ?lters (not shoWn). Any other suitable means 
for providing spectrally different and temporally separated 
?ashes of light may be employed. 

In accordance With an embodiment of the invention, as 
seen for eXample in FIG. 1B, ?ash lights 30 are mutually 
spaced apart one from the other. Moreover, the ?ash lights 
30 of different colors are arranged in an interlaced pattern. 
Various patterns of interlacing may be employed, it being 
desirable, in accordance With an embodiment of the 
invention, to con?gure illuminator 14 such that portion 16 is 
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generally uniformly illuminated, and such that illumination 
is provided at generally the same angles of incidence, 
regardless of the color of the illumination. Various lenses 
(not shoWn) may be disposed betWeen illuminator 14 and 
portion 16 in order to provide a suitable angular eXtent of 
illumination incident on portion 16, and to suitably adjust 
the spatial eXtent of illumination incident on portion 16. 

In accordance With an embodiment of the invention, a 
light homogeniZer 40 (see FIGS. 2A—2C), for eXample a 
glass rod in combination With a diffuser although other 
suitable light homogeniZing optical elements may be used, 
is also provided in order to further homogeniZe light emitted 
by ?ash lights 30 and to ensure that the intensity of illumi 
nation provided by illuminator 14 is spatially uniform, 
regardless of Whatever color light is provided, or Whichever 
?ash lights 30 emit the illumination. It is noted that the 
con?guration of light homogeniZer 40 is a highly general 
iZed and simpli?ed schematic representation of a light 
homogoniZer, and that the actual con?guration of a light 
homogeniZer is likely to differ from that shoWn. Thus, as 
seen in each of FIGS. 2A—2C, only some of ?ash lights 30 
are used to generate red, green or blue light respectively. 

The use of spaced apart ?ash lights has the potential to 
produce illumination Which is not spatially uniform for each 
color, or illumination in Which spatial non-uniformity differs 
among the colors. The relative non-uniformity is indicated 
by relatively large gaps betWeen respective pre 
homogeniZation arroWs 42 in FIGS. 2A—2C. After light 
passes through homogeniZer 40, illumination having a sig 
ni?cantly higher degree of spatially uniformity is produced 
for illumination in each of the respective colors. The relative 
uniformity is indicated by relatively small gaps betWeen 
respective post-homogeniZation arroWs 44 in FIGS. 2A—2C. 

Reference is noW made to FIG. 3 Which is a ?oW diagram 
of a methodology 100 for manufacturing electrical circuits. 
Methodology 100, Which employs an inspection system 
such as system 10 (FIG. 1) is particularly suited for manu 
facturing electrical circuits formed on generally specular 
substrates. 

Method 100 commences With the operation of forming at 
least a portion of an electrical circuit on a substrate. For 
eXample, in the manufacture of ?at panel displays, an array 
of piXels is formed on a glass substrate. 

Subsequently, a portion of the electrical circuit to be 
inspected is illuminated With at least tWo spectrally different 
and temporally spaced ?ashes of light. It is a feature of an 
embodiment of the present invention that each ?ash of light 
is incident on the substrate at generally the same angles of 
incidence. 
A ?rst optical image of the portion is acquired, for 

eXample by camera 20 (FIG. 1) during a time interval in 
Which said surface is illuminated by a ?rst ?ash of light. 
Subsequently, a second optical image of the same portion is 
acquired during a time interval in Which the surface is 
illuminated by a second ?ash of light. Although a second 
?ash of light, as noted above, is spectrally different from the 
?rst ?ash of light, both are incident on the substrate at 
generally the same angles of incidence. It is appreciated that 
additional images may be acquired under the illumination of 
additional ?ashes of light, each provided in a different 
spectrum but so as to impinge on the substrate at generally 
the same angles of incidence. 

The ?rst optical image and the second optical image are 
combined to form a combined image. The combined image 
is, for eXample, a color image, and each of the ?rst and 
second optical images comprise, respectively, color compo 
nents of the combined color image. 
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6 
In a subsequent operation, the combined image is ana 

lyZed to detect defects in the substrate, or in a portion of a 
pattern formed on the substrate. Then, in response to analy 
sis of the combined image, a post inspection operation is 
performed. The post inspection operation may be, for 
eXample one or more of the folloWing operations: discarding 
a substrate Which is found to be defective or Which has a 
defective pattern formed thereon; repairing a portion in 
Which a defect has been detected; con?rming that a 
substrate, or a pattern portion formed thereon, is not defec 
tive; or modifying a manufacturing process that is employed 
to form a pattern portion on the substrate. 

It Will be appreciated by persons skilled in the art that the 
present invention is not limited by What has been particu 
larly shoWn and described hereinabove. Rather the scope of 
the present invention includes both combinations and sub 
combinations of the features described hereinabove as Well 
as modi?cations and variations thereof Which Would occur 
to a person of skill in the art upon reading the foregoing 
description and Which are not in the prior art. 
What is claimed is: 
1. An inspection system comprising: 
an illuminator illuminating a portion of a pattern formed 

on a generally specular surface to be imaged, said 
illuminator providing at least tWo spectrally different 
and temporally spaced ?ashes of light, each ?ash of 
light being incident on said portion at generally the 
same angles of incidence; 

a camera arranged to receive light from said ?ashes and 
re?ected by said portion of said generally specular 
surface to acquire at least one optical image of said 
portion per ?ash; and 

an image combiner operative to combine images acquired 
from different ?ashes to produce a combined image. 

2. The inspection system claimed in claim 1 and further 
comprising a defect analyZer operative to receive and ana 
lyZe the combined image to detect defects in said pattern. 

3. The inspection system claimed in claim 1 and Wherein 
the spectrum of light of each of said different ?ashes is 
non-overlapping. 

4. The inspection system claimed in claim 1 and Wherein 
the spectrum of light of each of said different ?ashes is 
partially overlapping. 

5. The inspection system claimed in claim 1 and Wherein 
said illuminator comprises at least tWo ?ash lights, each 
?ash light emitting light of a different color. 

6. The inspection system claimed in claim 5 and Wherein 
said at least tWo ?ash lights comprise a red ?ash light, a 
green ?ash light and a blue ?ash light. 

7. The inspection system claimed in claim 5 and Wherein 
said at least tWo ?ash lights comprise LED emitters. 

8. The inspection system claimed in claim 6 and Wherein 
said at least tWo ?ash lights comprise LED emitters. 

9. The inspection system claimed in claim 8 and Wherein 
LED emitters emitting said red ?ash light, LED emitters 
emitting said green ?ash light and LED emitters emitting 
said blue ?ash light are mutually set apart. 

10. The inspection system claimed in claim 9 and Wherein 
said LED emitters emitting said red ?ash light, LED emitters 
emitting said green ?ash light and LED emitters emitting 
said blue ?ash light comprise a plurality of mutually inter 
laced LED emitters. 

11. The inspection system claimed in claim 10 and further 
comprising a light homogeniZer disposed betWeen said 
illuminator and said surface. 

12. The inspection system claimed in claim 11 and 
Wherein said light homogeniZer is operative to treat light 
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emitted by said LED emitters such that such light appears as 
if emitted by an extended light source. 

13. The inspection system claimed in claim 1 and further 
comprising an at least partially re?ective surface interposed 
betWeen said illuminator and said portion, said at least 
partially re?ective surface re?ecting light from said illumi 
nator to impinge on said portion generally along an aXis 
normal to said portion. 

14. The inspection system claimed in claim 13 and 
Wherein said at least partially re?ective surface is disposed 
along said normal axis, and is con?gured to transmit light 
re?ected by said surface to impinge on said camera. 

15. The inspection system claimed in claim 13 and 
Wherein said camera is disposed along said normal aXis. 

16. The inspection system claimed in claim 1 and Wherein 
said optical image comprises a bright ?eld image of said 
portion. 

17. The inspection system claimed in claim 1 and Wherein 
said generally specular surface is a surface of an 
in-fabrication electrical circuit. 

18. The inspection system claimed in claim 17 and 
Wherein said in-fabrication electrical circuit comprises an 
in-fabrication display panel. 

19. An imager comprising: 
an illuminator illuminating a portion of a generally specu 

lar surface to be imaged, said illuminator providing at 
least tWo spectrally different and temporally spaced 
?ashes of light, each ?ash of light being incident on 
said surface at generally the same angles of incidence; 

a camera arranged to receive light from said ?ashes and 
re?ected by said portion of said generally specular 
surface to acquire at least one optical image of said 
portion per ?ash; and 

an image combiner operative to combine images acquired 
from different ?ashes to produce a combined image. 

20. The imager claimed in claim 19 and Wherein the 
spectrum of light of each of said different ?ashes is non 
overlapping. 

21. The imager claimed in claim 19 and Wherein the 
spectrum of light of each of said different ?ashes is partially 
overlapping. 

22. The imager claimed in claim 19 and Wherein said 
illuminator comprises at least tWo ?ash lights, each ?ash 
light emitting light of a different color. 

23. The imager claimed in claim 22 and Wherein said at 
least tWo ?ash lights comprise a red ?ash light, a green ?ash 
light and a blue ?ash light. 

24. The imager claimed in claim 22 and Wherein said at 
least tWo ?ash lights comprise LED emitters. 

25. The imager claimed in claim 23 and Wherein said at 
least tWo ?ash lights comprise LED emitters. 

26. The imager claimed in claim 25 and Wherein LED 
emitters emitting said red ?ash light, LED emitters emitting 
said green ?ash light and LED emitters emitting said blue 
?ash light are mutually set apart. 

27. The imager claimed in claim 26 and Wherein said LED 
emitters emitting said red ?ash light, LED emitters emitting 
said green ?ash light and LED emitters emitting said blue 
?ash light comprise a plurality of mutually interlaced LED 
emitters. 

28. The imager claimed in claim 27 and further compris 
ing a light homogeniZer disposed betWeen said illuminator 
and said surface. 

29. The imager claimed in claim 28 and Wherein said light 
homogeniZer is operative to treat light emitted by said LED 
emitters such that such light appears as if emitted by an 
eXtended light source. 
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30. The imager claimed in claim 19 and further compris 

ing an at least partially re?ective surface interposed betWeen 
said illuminator and said portion, said at least partially 
re?ective surface re?ecting light from said illuminator to 
impinge on said portion generally along an aXis normal to 
said portion. 

31. The imager claimed in claim 30 and Wherein said at 
least partially re?ective surface is disposed along said nor 
mal aXis, and is con?gured to transmit light re?ected by said 
surface to impinge on said camera. 

32. The imager claimed in claim 30 and Wherein said 
camera is disposed along said normal aXis. 

33. The imager claimed in claim 19 and Wherein said 
illuminator optical image comprises a bright ?eld image of 
said portion. 

34. The imager claimed in claim 19 and Wherein said 
generally specular surface is a surface of an in-fabrication 
electrical circuit. 

35. The imager claimed in claim 34 and Wherein said 
in-fabrication electrical circuit comprises an in-fabrication 
display panel. 

36. The imager claimed in claim 19 and further compris 
ing a defect analyZer operative to receive and analyZe a 
combined image to detect defects in said surface. 

37. A method for inspecting surfaces for defects, com 
prising: 

illuminating a portion of a generally specular surface to be 
inspected With at least tWo spectrally different and 
temporally spaced ?ashes of light, each ?ash of light 
being incident on said surface at generally the same 
angles of incidence; 

acquiring a ?rst optical image of said portion of said 
surface illuminated by a ?rst ?ash among said at least 
tWo spectrally different and temporally spaced ?ashes; 

acquiring a second optical image of said portion of said 
surface being illuminated by a second ?ash among said 
at least tWo spectrally different and temporally spaced 
?ashes; and 

combining said ?rst optical image and said second optical 
image to generate a combined image. 

38. The method claimed in claim 37 and further compris 
ing analyZing said combined image to detect defects in said 
substrate. 

39. Amethod for fabricating electrical circuit, comprising: 
forming at least a portion of an electrical circuit on a 

substrate; 
illuminating said portion With at least tWo spectrally 

different and temporally spaced ?ashes of light, each 
?ash of light being incident on said substrate at gen 
erally the same angles of incidence; 

acquiring a ?rst optical image of said portion during a 
time interval in Which said surface is illuminated by a 
?rst ?ash among said at least tWo spectrally different 
and temporally spaced ?ashes; 

acquiring a second optical image of said portion during a 
time interval in Which said surface is illuminated by a 
second ?ash among said at least tWo spectrally different 
and temporally spaced ?ashes; 

combining said ?rst optical image and said second optical 
image to form a combined image; 

inspecting said combined image; and 
in response to said inspecting, performing a post inspec 

tion operation. 
40. The method of claim 39 and Wherein said post 

inspection operation comprises discarding said substrate. 
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41. The method of claim 39 and wherein said post 
inspection operation comprises repairing said portion. 

42. The method of claim 39 and Wherein said post 
inspection operation comprises con?rming that said portion 
is not defective. 

10 
43. The method of claim 39 and Wherein said post 

inspection operation comprises modifying a manufacturing 
process employed to form said portion. 

* * * * * 


